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Antony, 20" July 2024,
Dear Dr Popp,

Please find enclosed a revised version of our manuscript “Gridded dataset of nitrogen and phos-
phorus point sources from wastewater in Germany (1950-2019)” in which we address the re-
viewer’s comments. We wish to thank you, Maryna Strokal and Olga Vigiak for appreciation
of our manuscript. We are grateful to the two reviewers for their suggestions that helped us to
further improve the manuscript. Below in this document, we provide a point-by-point reply to

the reviewers, and we summarize here the main changes to the manuscript:

e We expanded our analysis of parameter uncertainty in Section 5.1 and in particular we
added a table that shows the reduction in parameter ranges (Table 5) in response to the

comments of Olga Vigiak.

o We substantially edited the manuscript to make it more concise and improve readability

(in particular in the data section 3) in response to the comments of Olga Vigiak.

e We clarified a number of points in the manuscript, in particular regarding the objective
of our analysis at river basin scale and rural emissions, in response to the comments of

Maryna Strokal.

e We corrected a mistake in Equations 2 and 6.

Thank you for your consideration.
Yours sincerely,

Fanny Sarrazin



Review by Maryna Strokal

Overall comment: The authors did a good job in developing and providing the gridded datasets
for point source emissions of N and P. the manuscript is well written with good structure. Com-
plements to the authors on balancing well between details and general descriptions. It is easy
to follow the methodology. I appreciate that the authors analyzed the uncertainties in such de-

tailed datasets. I have a few points that could improve the relevance and importance of this work:

Reply: We thank the reviewer for their appreciation of our manuscript and for the useful com-
ments and suggestions for improvement. In our replies below, line numbers refer to the revised

version of our manuscript (version without track-changes).

Comment 1: 1. The data sources were mainly at the NUTS-1 scale. The emissions of point
sources of N and P are downscaled to grids. Uncertainties are analyzed at the river basin scale.
It is an interesting choice for the scales. It would be good to reflect on this choice, especially
on the choice for the gridded emissions, but uncertainties in those emissions are analyzed at the
river basin. Why was that choice made? How can this basin scale uncertainty analysis build

trust in modeled gridded emissions considering the data sources at the NUTS-1 level?

Reply 1: Thank you for this comment. In Section 5.3, we analyse the uncertainties at the grid
level and we acknowledge that they may be large. It is however useful to provide the data at
grid level to give the flexibility to users to aggregate the point sources estimates at any spatial
scale of interest. In this sense, we believe that it is interesting to examine the uncertainty at
different spatial aggregation levels to guide future uses of the developed dataset. We selected
river basins as the scale of aggregation because it is a scale of interest for water quality studies.

To make this point clearer, in our revised manuscript we made the following changes:

e at the very end of the section 1 (L. 113-115), we now provide a better explanation of
the objective of the uncertainty analyses with the following sentence: “ We discuss the
uncertainties of our point source estimates at grid and river basin level to guide future

uses of the dataset for water quality studies.”.

e in section 5.4, we modified the first sentence L. 726-727 to better link with the uncertainty
analysis at grid level in section 5.3 (we report in the following the addition in bold): “Given
the substantial uncertainties in the spatial pattern of the point sources at high
spatial resolution (grid level, Sect 5.3), we examine the uncertainties in the point
source estimates at river basin level, which is of interest to water quality studies, as further

discussed in Sect. 6.1. 7

e in section 6.1 L.829-832 we had already indicated the following sentences in the first version
of the manuscript: “Moreover, the uncertainties in our estimates decrease from grid level
(Fig. 8) towards larger spatial aggregation units (e.g. river basins in Fig. 9). In particular,
for earlier years, using the data at larger spatial scales of aggregation (above 100 km?) is
more reliable given the differences between the two downscaling schemes.”

In the revised version we added after that (L. 832-834) the following text: “Therefore,



using the dataset directly at grid level (Sect. 5.3) may be prone to large uncertainties and
the analysis at river basin level (Sect. 5.4) allows reflection on suitable spatial aggregation
scales for water quality studies. In this respect, our gridded dataset provides the flexibility

to aggregate the point sources estimates at any spatial level of interest.”.

Comment 2: 2. The role of rural point source emissions is important. Germany is a country
with a lot of sewage systems in urban and rural areas. It would make the paper stronger if more
discussion is provided on how rural emissions are considered, and the role of rural sanitation in
those emissions. This might be interesting for other countries. Some countries do not have a

lot of rural sewage systems. In this case: how can the proposed methods be still useful?

Reply 2: Thank you for this comment. We agree that the emissions from the population
not connected to the sewer system and/or wastewater treatment plants (WWTPs) can be an
important source of N and P contamination. Our study aims at quantifying grid level urban and
rural emissions that contribute to point sources, including both treated and untreated emissions
as stated in Section 1 L111-112: “Our dataset encompasses emissions treated in urban WWTPs,
including domestic and industial (indirect) emissions, as well as untreated domestic emissions
collected in the sewer system”. We also consider emissions from the population not connected to
the sewer system, but whose wastewater is collected in cesspits (sealed tanks) and transported
by trucks to WWTPs (see L198-199).

Furthermore, we estimated the gross emissions at NUTS-1 level for the remaining of the popula-
tion which is not connected to sewer or WWTPs (this covers not only the rural population but
also the urban population for earlier years, as can be seen from Supplementary Fig. S21-S24).
Our dataset includes these NUTS-1 level information (https://doi.org/10.5281/zenodo.
10500535). We see from Fig. 7 that these emissions are substantial in the past (in the 1950s),
and that their importance then decline with time (as we explain in Sect. 5.2). In this respect,
we recognize the importance of the emissions from disconnected population even in a country
with an advanced wastewater handling system like Germany.

However, the fate of these gross emissions from disconnected population is uncertain and they
can be either a diffuse or a point source. Due to a lack of detailed information on these emissions,
previous studies made simplifying assumptions to account for these emissions in Germany [Fuchs
et al| 2010], over Europe |Grizzetti et al., [2022} [Vigiak et al., [2020} 2023] and globally [Morée
et al.,[2013] [Van Puijenbroek et al.,2019]. Unravelling the fate of the emissions from disconnected
population is beyond the scope of this study. In this regard, in Section 6.2 of the first version
of our manuscript, we recognize that future studies should strive to improve the estimation of
the emissions from disconnected population.

In our revised manuscript, we expand this discussion, as follows (L 866-874): “Another poten-
tially important contributor to point sources is the domestic emissions that are not connected
to the sewer system nor to WWTPs via transport from cesspits. While these emissions are
overall of limited importance in the recent period, their magnitude is large in the earlier period
(Sect. 5.2). It would be therefore critical to elucidate their fate in Germany and in other coun-
tries where these emissions can be substantial for the recent period as well [Vigiak et al., 2020].
These emissions are handled in particular in septic tanks or independent wastewater systems

[Vigiak et all [2020} [2023]. They could be either a diffuse source to soils or a point source to


https://doi.org/10.5281/zenodo.10500535
https://doi.org/10.5281/zenodo.10500535

surface waters, as documented for example in MUGV (2010) for the recent period in Germany.
Due to a lack of detailed information on these emissions, previous studies made simplifying as-
sumptions. In Germany, Fuchs et al| [2010] consider that disconnected population is equipped
with septic tanks from which a part of the N and P is transported to WWTPs, while the other
part is a diffuse source. In Europe, (Grizzetti et al| [2022] and |Vigiak et al.|[2020] consider that
it is entirely a diffuse source and that N and P are reduced with the same efficiency as that of
primary treatment [Vigiak et al., 2020] or possibly secondary treatment |Grizzetti et al., [2022].
Globally, Morée et al.|[2013] and [Van Puijenbroek et al.|[2019] consider that the urine part is a
point source, while the feces part is a diffuse source.”

As we discussed in Section 6.2, other N and P emission pathways would also require further
investigation in future studies. We propose the use of sensitivity analysis as a way of assessing
the impact of different assumptions in water quality assessments. To further reflect on this
aspect, we added the following text at the end of Section 6.2 in the revised manuscript (L.896—
898): “Overall, we propose that future water quality studies could perform sensitivity analysis
to better understand the impact of different possible assumptions on the N and P pathways
discussed in this section. For Germany, such investigation is facilitated as we provide all data

that we produced, along with our model code (see code and data availability section)”.

Comment 3: 3. This point is a bit also related to the previous: the manuscript would bene-
fit from a discussion the applicability of the proposed methods for other regions and countries.
countries differ in their urban and rural waste management. On top of this, not all countries
have such detailed datasets at the NUTS-1 levels. This is especially true for developing coun-
tries. Can the proposed methods be used for those developing countries, if yes, what needs to be

adjusted? if not, why? what would be alternatives?

Reply 3: We build on a methodology for point sources estimation that was used at a large
scale, namely over Europe [Vigiak et al| [2020] and globally [IPCC| [2019| Morée et al., 2013,
Van Drecht et al., 2009]. We take the opportunity of having detailed data for Germany (sub-
national statistics and observational data of wastewater treatment plant emissions) to improve
these previous large-scale point sources estimations. This is stated in Section 1 at L107-109:
“We use a modelling approach that builds in particular on Morée et al. [2013], Van Drecht et al.
[2009], |Vigiak et al. [2020] and IPCC| [2019], while we make use of observational data of WWTP
N and P emissions to constrain our modeled estimates and check their plausibility.”.

In this respect, we modified the last sentence of the revised manuscript where we call for the
collection and processing of further data where available to improve point sources estimation,
similar to our study. The text now reads as follows (L923-926): “A similar approach could be
adopted by other researchers to develop other national and regional datasets where sub-national
and observational point sources datasets are available. This would contribute to improve large-

scale understanding of nutrient point sources and their impact on the (aquatic) environment.”

Comment 4: 4. Some detailed comments: - Please clarify the forms of N and p that are mod-

eled. Please also justify the choice for those forms.



Reply 4: Thank you for this remark. We consider total N and P and do not model specific
N forms, similar to previous studies [Morée et al.l [2013, Van Drecht et al., 2009, [UBA/ {2020,
Vigiak et al.l 2020, 2023]. Although separating the different N and P species would be highly
valuable, it would also require substantial additional work, which is beyond the scope of this
study. In Section 6.2 (L.888-895), we discuss the limits of this simplification and gave some
first insights on how this could be addressed in future studies. To make clearer the fact that
we consider total N and P in our revised manuscript, we added the following sentence in this
introduction (L. 109-111): “As in previous studies [Morée et al., [2013| [Van Drecht et al., 2009,
UBA| 2020} |Vigiak et al., [2020, [2023], we assess total N and P without distinction between the
different forms of N and P.”

Comment 5: - Table 1 has lower and upper bound. it would also good to add mean or median

Reply 5: We actually sampled the parameters from a uniform distribution, as stated in Section
4. This implies that the mean/median values can be simply retrieved as the mean of the lower
and upper values reported in Table 1. Therefore, we think it would be redundant to add the
mean/median values in the table. In our revised manuscript, we added a note in the caption of

Table 1 to make this clearer: “The parameters are sampled from a uniform distribution”.

Comment 6: - Why point sources? Diffuse sources are as important as point sources and are

more difficult to control.

Reply 6: As we state in the introduction section (L57-58), both N and P point and diffuse
sources are important as far as water quality is concerned. Since we cannot treat the two sources
in a single paper, we chose here to focus on point sources. Note that, in previous studies, we
made available data of N diffuse sources (N surplus) for Germany at river basin level [Ebeling
et al., 2022] and over Europe at grid level |Batool et al., 2022]. In our revised manuscript, we
now explicitly mention in Section 6.1 that our dataset complements these existing diffuse sources
datasets (L. 805-807).

Comment 7: - Why Germany? Can we learn from this exercise for other countries?

Reply 7: We explain in the introduction section about the importance of developing a long-term
consistent point sources dataset for Germany (L97-100): “This is crucial to inform water quality
strategies in Germany where the majority of the national monitoring sites for flowing surface
water have shown nitrate and phosphorus concentrations above a limit that would ensure a good
ecological status (for instance 81 % for nitrate and 70 % for phosphorus in 2015, Arle et al.,
2017). Furthermore, N and P emissions in Germany have contributed to the eutrophication of
the North and Baltic Sea since the mid-twentieth century (EEA et al., 2019; Arle et al., 2017).”
With our study, we demonstrate how detailed data can be used to provide improved point
sources estimates. We refer to our reply to Comment 3 above, where we explain that we take
the opportunity of having detailed data for Germany (sub-national statistics and observational

data of wastewater treatment plant emissions) to improve previous large-scale point sources



estimations. We call for the collection and processing of further data where available to improve

point sources estimation, similar to our study.
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Review by Olga Vigiak

Overall comment: Dear Authors, first of all many apologies for being late and delaying the
review process. The manuscript describes an excellent dataset for nutrient emissions (N and P)
to waters in Germany from 1950 to 2019. The authors compile a very thorough dataset that can

be very useful. 1 have only minor comments for improving the manuscript.

Reply: We thank the reviewer for their appreciation of our manuscript and for the useful com-
ments and suggestions for improvement. In our replies below, line numbers refer to the revised

version of our manuscript (version without track-changes).

Comment 1: 1) I like very much the uncertainty analysis, but I miss in the results a reporting
of the final uncertainty of the parameters. I think this could be very interesting as it can affect
similar analysis elsewhere. can you give revised intervals for the parameters and comment on
the most sensitive ones? Referring only to a supplementary material part is too little in my

opINIon.

Reply 1: Thank you for this suggestion. In our revised manuscript, we added an analysis
regarding the reduction in the parameter ranges as suggested. We expanded on the analysis
on the constraining of the parameter distributions that was presented in the first version of the
manuscript and that revolves around Figure reported below (which corresponds to Supple-
mentary Fig. S35). Briefly, we found that the ranges could be substantially constrained in the
behavioural parameter sample for four parameters. We added a table in the revised manuscript
that reports the range reduction for these parameters (Table reported below, which corre-
sponds to Table 5 in the revised manuscript). Other parameters are also influential but their
ranges cannot be reduced because of parameter interactions. We further expanded the para-
graph that discusses the parameter uncertainty in Section 5.1 (L592-608) which now reads as

follows:

“These differences in uncertainty bounds between the periods with and without observations
can be interpreted in terms of parameter sensitivity. Table 5 shows that the parameter esti-
mation procedure allows to appreciably reduce the ranges of a few parameters, namely (1) the
efficiencies of tertiary treatment with targeted N and P removal (ef fé\fv and ef f;), and (2) the
efficiencies of secondary and tertiary treatment without targeted N and P removal (e f fzj\gm ~ and
ef f;)m p) to a lesser extent and for some NUTS-1 regions only. This also reflects the fact that
these two types of wastewater treatment tend to be more prevalent during the (recent) period
with observations (Fig. 4). We observe that the posterior parameter ranges for e f fé\fv and ef f:,f;
vary across NUTS-1 regions. Regarding ef fé\énoN and ef f;nop, the higher values tend to be
discarded in the posterior sample for some NUTS-1 regions. Notably, additional parameters
have an impact on the simulated N and P outgoing load during the period with observations

for at least some of the NUTS-1 regions. This regards mostly parameters that control the mag-

pro N and N:P

nitude of the human N and P gross emissions (namely f ,ces foros iniake

), the fractions

of industrial/commercial to domestic N and P gross emissions in 2000 (namely fl-],r\{d: dom,2000 a0d



fiI:L didom.2000) and the fraction of N and P emissions lost during wastewater collection and trans-
N,P

loss transp ort)- Although the ranges of these parameters cannot be reduced in the posterior

port (
parameter sample because of parameter interactions, their distributions are constrained (the pos-
terior distributions deviate from the prior distributions in Supplementary Fig. S35). During the
period without observations, parameters that could hardly be constrained may have a significant
impact on the simulations. This for example can be the fractions of industrial/commercial to
domestic N and P gross emissions in 1950 (namely fﬁ dedom, 1950 and fiﬁ ded Om71950) and the N and
P removal efficiencies for primary treatment (effi¥ and ef f{’). Primary treatment was indeed

widespread before 1990 (Fig. 4).”

Table R1: Lower and upper values of the parameters in the prior sample and in the posterior
sample for each NUTS-1 region, and percentage reduction in the parameter ranges (A) in the
posterior compared to the prior distribution (we report only the four parameters for which A is
higher than 20% for at least one NUTS-1 region).

Parameter sample effzj\gf,mN ef é\ll\' efoI?woP ef 3{313

(prior or posterior for Lower Upper A Lower Upper A Lower Upper A Lower Upper A
each NUTS-1 region) ) ) (%) | ) Q) (%) | O ) (%) |1 () ) (%)
Prior distribution 0.35 0.60 - 0.70 095 - 0.45 0.65 - 0.80 098 -
Schleswig-Holstein 0.35 051 364 | 087 095 682 | 045 056 458 | 0.88 0.98 44.7
Hamburg 0.36 0.60 2.3 0.73 0.82 63.1 0.45 0.65 1.7 0.89 0.92 79.2
Lower Saxony 0.35 060 1.3 0.88 093 835 | 046 0.65 34 0.90 094 812
Bremen 0.35 0.60 1.2 0.76 0.84 684 | 045 065 14 092 095 86.8
North Rhine- | 0.35 043 69.2 | 0.80 0.88 69.0 | 045 0.65 1.0 0.88 093 676
Westphalia

Hesse 0.35 044 635 | 0.77 085 69.3 | 045 0.64 6.0 0.80 0.89 49.5
Rhineland-Palatinate 035 052 305 | 08 08 716 | 045 0.62 170 | 0.86 092 65.0
Baden-WAirttemberg 0.35 0.60 14 0.71 0.81 605 | 045 055 504 | 0.85 091 67.1
Bavaria 0.35 047 51.8 | 0.70 080 63.3 | 045 0.65 1.8 0.80 0.88 534
Saarland 0.35 0.60 1.7 0.76  0.86 59.3 | 045 0.65 2.2 0.80 0.83 80.9
Berlin 0.35 0.60 2.8 0.83 090 735 | 045 0.64 6.0 0.96 097 917
Brandenburg 0.36 0.60 3.5 0.85 091 766 | 048 064 17.7 | 0.94 096 864
Mecklenburg- 0.35 0.60 1.8 089 093 815 | 045 064 6.3 091 096 T1.7
Vorpommern

Saxony 0.36 0.60 3.0 0.75 0.84 653 | 045 0.65 4.0 0.83 0.89 652
Saxony-Anhalt 0.35 0.60 1.5 0.87 092 809 | 047 065 9.1 0.89 093 75.0
Thuringia 0.35 0.60 1.9 0.86 093 725 | 045 058 342 | 0.87 094 622

The parameters are defined in Table 1. The prior parameter sample is the same for each NUTS-1 region. For a given
1— Upperpostcm'or*Lowerpostenor)

Upperprior —Lowerp,ior ’
where Upperposterior and Lowerposterior are the upper and lower values respectively in the posterior parameter sample,
and Upperpriori and Lowerp,ior are the upper and lower values respectively in the prior parameter sample.

parameter, the percentage reduction in the range (A (%)) is calculated as A = 100(
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Figure R1: Cumulative distribution functions (CDFs) of the 18 point sources model parameters
at NUTS-1 level. Colored lines refer to the posterior CDFs resulting from the 100 posterior
parameterisations, and grey lines refer to the prior CDFs in the original sample of size 100,000.
The prior CDFs are all uniform and are identical for all NUTS-1 regions. Parameters for which
the posterior distributions is different from the prior distribution are influential for the metrics
used for parameter estimation (here root mean square error), for instance the efficiency of tertiary
treatment with N and P removal (ef f&¥ and eff{’). However, the fact that the distributions
are the same (for instance the industrial/commercial detergent parameters fzgg&ljn;i%%—zom?

D.P-POOM):2 _nq LD~ POs ) does not necessarily mean that the parameter is not

find:dom,1950—2015’ ind,cap,1991—2019
influential, as it could have an impact through interactions with other parameters.



Comment 2: 2) the paper is very long, and at times verbose, and should be summarized more,
particularly for the Material and methods part - we get to results only at page 27. I understand
the need for details, and appreciate the work behind collecting all the data, but i think maybe
section 3 on data can be shortened. Also, some sentences can be simplified: for example, authors
could more simply refer to the many supplementary figures by mentioning them in brackets in-

stead of saying ’as reported in...” etc.

Reply 2: Thank you for this assessment. We agree that the manuscript should be more con-
cise. We followed your suggestion and significantly reduced the Section 3 on data (by about
two pages). We removed nonessential details from the main manuscript and moved them into
the supplements. We improved the readability of the results section (including in response to
Comment 7 below) and also referred to supplementary materials in a more concise manner

throughout the manuscript.

Comment 3: [ have a question with regards to section 3.5.1 (maybe I missed it): the EU dataset
reports for some UWWTPs incoming and outgoing N and P content, but usually this is only
a smaller subsample of all UWWTPs reported in the database. are these the values that were
used? what is the % of WWTPs that reported these data? Further, the EU dataset now reports
also 2018 (and 2020), these data were not used (why)?

Reply 3: Thank you for these questions. We could only create a dataset of WW'TP load data
for the year 2016 because we combined both the EU UWWTP dataset and a dataset specific to
Germany (that we call “DE dataset”) that only provides load data in 2015 or 2016 depending
on the plants. It is important to consider the DE dataset, since it also includes smaller WWTPs
that treat the wastewater in agglomerations smaller than 2000 Population Equivalent (PE).
Regarding the reporting of load data in the EU UWWTP dataset, it is indeed often a small
subsample of all WWTPs reported in the database. However, for Germany the data are relatively
more complete. We also combine the EU UWWTP dataset with the DE dataset that reports
the load for some of the larger WW'TPs that are present in the EU dataset. We demonstrate
that the impact of the missing values on the total load at NUTS-1 level in our combined EU/DE
dataset is limited, as detailed in the following.

We filled the missing values of the N and P load in our combined dataset using values for the
other years provided in the EU dataset when available or we performed extrapolation based on
the PE. Our final dataset comprises values of the incoming and outgoing N and P loads for over
99 % of the 9006 WWTPs, while only for 39 WWTPs no values at all of the N and P loads
can be estimated and for 16 WWTPs no value of the incoming N and P loads and the outgoing
N loads can be derived. This is shown in dark red color in Fig reported below (which is
Supplementary Figure S33). In this figure, we see that the number of WWTPs for which the
values of the load have to be estimated based on PE can be large, in particular for the outgoing
N load for the NUTS-1 region of Thuringia or more in general for the N and P incoming load
for all NUTS-1 regions (light red color in Fig [R2]). However, the corresponding values of the
loads (light red color in Fig which is Supplementary Fig. S34) are actual small compared
to the values that are derived from data (dark blue color in Fig . We find that these filled



values account for less than 8 % of the total load at NUTS-1 level, and have therefore an overall
limited impact on our combined dataset.

In our revised mansucript, we substantially revised the data section, including section 3.5.1 to
improve readability in response to Comment 2 above and to clarify the questions raised by the
Reviewer in Comment 3. We refer Supplementary Sect. S9 for Details regarding the WWTP
data .
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Figure R2: Distribution of the WWTPs in the combined EU/DE dataset according to the source
of the load data at NUTS-1 level. Specifically, the figure shows the percentage of WWTPs in
the combined dataset for which (1) the data provide the value of the load for the year 2016
(or 2015) either in the EU or in the DE dataset (dark blue), (2) the value of the load is filled
based on values for the other years provided in the EU dataset (light blue), (3) the value of the
load is filled based on the value of the entering load expressed in population equivalent (PE;
light red), and (4) the value of the load cannot be estimated (dark red). The figure reports
these percentages for the outgoing N load (JY ), the outgoing P load (JI ), the
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), and the incoming P load (J© ), and for the 16 NUTS-1 regions
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of Germany.
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Figure R3: Distribution of the load in the combined EU/DE dataset according to the source
of the load data at NUTS-1 level. Specifically, percentage of the load in the combined dataset
that come from (1) data for the year 2016 (or 2015) provided either in the EU dataset or in
the DE dataset (dark blue), (2) estimates based on values for the other years provided in the
EU dataset (light blue), (3) estimates based on the value of the entering load expressed in
population equivalent (PE; light red). The figure reports these percentages for the outgoing N
load (Jg,wwtpOut)’ the outgoing P load (J;li,wwtpOut)7 the incoming N load (ngtpln)’ and the
incoming P load (Julfwtp 1), and for the 16 NUTS-1 regions of Germany. The figure was drawn
using the average of the upper and lower bound load estimates. For each NUTS-1 region, the
values of the load that come from data account for at least 97.5 %, 94.2 %, 92.8 %, 94.5 % of

N P N P :
the total value of Jp&wwtpout, Jps’wwtpout, watpln, and watpln, respectively.



Comment 4: other minor points: line87: i would remove ’Yes,’
Reply 4: Thank you, we removed this typographical error.

Comment 5: dashed lines in figure 2 and figure 7 are not dashed in printing, maybe use of a

different color could help.

Reply 5: Thank you for this comment. We changed the line style in Fig. 2 and Fig. 7. We
wish to keep the color, since we used a colorblind safe scheme (https://colorbrewer2.org/).
Comment 6: lines 403-404: the sentence starting with 'The assumption is supported.... ~ is

should be shortened and simplified

Reply 6: Thank you. We have shortened and simplified this sentence which now reads as (L.
389-390): “The degree of urbanisation has a limited impact on the percentage of households

and population owning a dishwasher (see Supplementary Sect. 5.2.3).”

Comment 7: Paragraph starting at line 630 has some very long sentences that are difficult to

read.

Reply 7: Thank you for pointing this out. We realised that this paragraph is indeed too compli-
cated and we simplified it in our revised manuscript (paragraph starting L. 575). In particular,
we do not describe any more in details the results for the total point sources but only for the
WWTP outgoing load. We refer to the supplements for details on the uncertainty bounds for

the total point sources.
anyway, many congratulations for your excellent work!

Reply: Again, thank you very much for appreciation of our manuscript.
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